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CONCERNING THE DEGREE OF SELF FJRTILIZs.TION" D! CORN 
( ZEA MAYS INDENTATA) THAT IS OBTi,INED mam 




SUBMITTED TO TrIE COMMITTEE ON lill'f f.NCED DEGRES 
AT STATE COLI.EBE SOUTH DAKOTA, TO BE CONST 
SIDERED AS A PARTIAL FULFILL'.:ENT LEADING 
TO A MASTERS DEGREE. 
AUG. 14th. 1922 
COlTCERNING THE DEGREE OF SELF FERTILIZATION 
IN ZEA MAIZE THAT IS Ol3TAI1'1'ED ill{llel.R 
NORMAL FIELD COlTDITIONS • 
... o---
"Like begets like•. This well known phrase 
which aroused so much comment among students in genetics 
and animal breeding has almost unconsciously become a.n 
adage to a part of·their philoao»hy. 'Whatever truth or 
lack of it is associated with these words we admire the 
keeness of observation of him who wrote them. However 
significant the words "like begets like" could it be 
strictly adhered to our problem in breeding a cross-
fertilized population·would be greatly lessened. 
Uuoh has been done in plant and animal breeding 
and the methods employed in accomplishing the greater part 
is without written history. Here and there, however, the 
gaps have been scaled in by written records, through the 
millennium of time. Though plant breeding through natural 
selections has been in progress, since the beginning of 
organic life on this earth, the application of scientific 
principles for plant improvement is but in its embryonic 
stage, and merely touched upon by man. 
In a recent article McNairn (43) enun1erates 
the various theories on the age of the earth. Though 
,. 
scientists do not all agree on the age which varies with 
the phase of study used, their various fi~ures are here 
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given to illustrate the time that has lapsed since the 
beginning. Of the four theories advanced each places the 
age of the universe at ten to thirty million; eighty to one 
hundred million; one hundred and fifty million; and eight 
hundred to one thousand six hundred million years depend-
ing upon the study that was used in securing them. During 
this creative period it is assUlJled that material life has 
developed from the-simples of form to the high complelt 
structure, together with a civilization not surpassed in 
the history. of man. If we take the most conservative figure 
of ten million years and allow twenty thousand for the time 
man mB¥ have affected the development of life on this earth 
towards greater progress we still have some nine million 
nine hundred eighty thousand years in which time nature has 
played the supreme role of geneticist. No doubt that 
considerable progress was made in this time, -- undoubtedly 
through the elimination of the unfit. Greater progress 
resulted through the application of science and technique 
applied to this natural force by man. How much greater this 
progress has been is difficult to measure. With due regard 
to the progress which has been made and the greater 
efr'iciency in the teonique in plant and animal breeding 
the progress in the future will also be measured in 
millenniums of years and it will continue to be a slow and 
difficult process for great advancement. We mSiY" rest 
assured that there will be no royal road to quick success. 
Ma.n cannot alter natures method greatly. The 
best he can do has been to study her carefully in her walks 
of life and interpret his study scientifically. He then 
... 3 .. 
follows his natural instinct of making practical 
deductions,-· frequently, however, they become the 
basis of much theoretical discussion. These discussions 
eventually evolve themselves into theories and principles 
which may or mey not lead in further investigational study 
to prove or disprove the theories then in vogue and on it 
goes. 
Though the actual facts that are known concerning 
plant and animal life are few, much has been accomplished 
leading to the end, whose beginning was effected only a 
few decades in the past. It is not necessar,y to stop here 
to enumerate the names and work of those who were closely 
affiliated with the work that has made it possible for us 
at the present time t_o see through the cloud that has veiled 
the mysteries of the breeder for years. 
Plant breeding on a commercial scale is indeed 
of ver,y recent date, though its develop~ent dates back to 
prehistoric. The earlier development of the plants must 
have resulted largely through natural selection and the 
- elimination of the unfit. Variability in plants was recog-
nized in its earlies relations with man. Variations in form 
and structure may be found from imprints and carvings of the 
ancient peoples. As man noticed these variations in the 
earliest days so did these variations eventually Become the 
basis of all selection. Selection as a basis of plant 
improvement soon became universally accepted, and for many 
years was the only means of improvement. It was only in 
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recent times when it was noted that selection merely elimina-
ted the weaker individuals, but did not produce a superior 
race in its genetic constitution. 
This was clearly demonstrated by Johannson (35) 
with his pure lines and by Nilsson (1881) (14) and his 
staff with work on cereals. 
Just as these men were selecting for superior 
strains and varieties in cereals--lines which were close 
fertilized, so other investigators were selecting for 
superior strains in a cross fertilized plant, namely the 
• 
maize plant. Though this work did not progress rapidly at 
first it was soon found that on continued selection for the 
best strains were secured that were homozygous in their 
genetic makeup. Having obtained these homozygous biotypes 
it was found that there was directly associated with it a 
reduction of plant vigor, which in turn in this commerical 
variety resulted in a decrease4 yield. Contemporaneous along 
with the above other investigators were working with an 
effort to securing increased yields through crossing. 
In the production of zea maize no conscious 
efforts were made toward crossing till well into the 19th 
century (48). It is difficult to 8837' why crosses were 
first made. It appears that occasionally varieties were 
sown together because of insufficient seed of one type, or 
again because seed did not germinate\ .sufficient to warrant 
a stand,-- hence some other variety was used to thicken 
the stand (55). This was presumably the reason why crosses 
first came about. As a result of this indiscriminate 
mixing, a good number of our modern varieties are made up 
of various strains which have subsequent (40) to their cross-
ing been reduced to a more or less pure state through 
selection for type (6). 
In the be·gtnning of the 20th century corn growers 
have taken up the subject of corn breeding with a great 
degree of zeal, and have attacked the problem on a distinct-
ly heredita:ry basis. A comparatively new field was entered 
upon, namely the study of the effect of hybrid vigor on 
F1 generation yields. Pioneers in this comparatively recent 
study who m83" be mentioned are G.H. Shull, G.N. Collins, 
Dr. E.It. East, Morrow and Gardner et al. Previous 
investigations were made however on hybrid vigor. A brief 
review of those who were associated in these investigations 
may be mentioned, Kolreuter 1176 (39) who obtained increase 
in size and general vegetative vigor by crossing tobacco 
plants when compared with the parents that constituted the 
crosses. Andrew Knight 1799 (38) found an increase in size 
by crossing peas. This was the beginning of the Knight 
Darwin Dictum "nature. abhors perpetual self-fertilization" 
and later modified by H~s (24) to read "Nature abhors a 
radical change which would require species to cross in a 
much closer or in a much more radical relationship than is 
their long established habit". 
Sargere~A. 1826 (56) speaks of hybrid vigor 
in o~osses of tobacco plants and also of various types 
of cucubitaceae. He also notes that in the htm1an race 
crosses of a pathological party with a normal party that 
the pathological condition will disappear the first 
generation but may appear later in succeeding generations. 
Again Weigman 1828 (58) find hybrid vigor in crucifereae 
cross. Gartner 1849 (20) and Focke 1881 (19) reviewed by 
East and Hays 1912 (17) both found heterosis in their 
numerous crosses of various species. Gartner finds this 
develop~ent to be true especially in the vegetative and 
root growth. Naudin 1865 (45) observed hybrid vigor in his 
first generation plants. He also observed that the 
first generation was comparatively uniform whereas in the 
later generations they segregated. His was a near approach 
~ 
to Mendal's law. Kendal 1865 (41) records heterosis in pea 
hybrids. Darwin 1875 and 1877 (12-13) found hybrid vigor 
in many of his crosses. He eventually was led to believe 
that if a race inbred indefinitely that it was doomed to 
extinction. His o,vn results, however, proved the opposite. 
They did show that there was segregation of the inbred 
stock into vario~s types which differed in hereditary 
char~cters and also in their ability to grow. He found in 
both Ipomea and 1limulus that plants appeared which were 
equal to if not superior to the original cross bred stock. 
He fouhd decided vigor in sweet peas when inbred lines 
were crossed. Dr. W.J. Beal 1878 (1) found in his 
experiment with corn that he could obtain added vigor and 
_,_ 
increased yields by crossing. He obtained 31 per cent 
increase in 1878 and 21 per cent in 1882. Ho attempt was 
made to explain the phenomenon. Professor c. L. Ingersol 
(29) (Indiana 1681) obtained 95 per cent increase between 
strains of the same variety. Sanborn (5'7) (Kaine 1889) 
secured a 41 per cent increase over the parents. 
Subsequent to the above experiments. numerous 
other investigators have taken up 1ilae study and m8ZJ1' 
experiments were conducted with an effort to verify the 
above fact. Among these mq be mentionecl Hr. !.pan H. 
Carrier (3) who first suggested that the use of hybrid seed 
might become of practical value. Since t~at t~me MarrQw 
' 'j 
and Gardner 1893 (42). Colline 1910 (9): East and H~s. 1911 
(17), Hartley- et al 1912 (21). Jones 1916 (32), Hutchinson 
and Wo~ 1917 (28). H. Hays and P. J. Olson 1919 (2?), 
have ta.ken up the atuq and invariably found increase in 
yield by using hybrid seed over that obtained from the 
parent seed. 
From the opposite point of view •*ientists have 
atuclie4 the question of effect of continuous self 
fertilization in a nol:11.ally ore••~~•rtilized plant and 
have ~otmd retuction in vigor up to a certain point. 
Such investigations were made namely by East (15-16). 
East and Hl\'V'S (17). Bast and Jones (18). Shull (49-50). 
(51-52). H8-1'8 (25-26). Montgomery (44). Holl (46), and 
Jones (30). That some species do not decrease in vigor 
has been shown by Darwin (12) in his experiments, though 
he did not know 1 t at the time. llias King ( 36) also fotmd 
in inbred rats there was no.,.esa vigor than in the original 
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stock. Jones \31) mentions the fact that even in corn 
there may be some lines which show an increase of vigor 
resulting from self fertilization. He suggests that 
the factors combined in the heterozygous condition in 
ordinar,y corn probably do not show perfect dominance so 
that when the most favorable factors are combined 
together in diploid state a heigtened degree of 
efficiency may be expected. He continues on to s83', 
however, that chances for obtaining such strains in corn 
are exceedingly small. East (15) concludes that 
deterioration of superior inbred stock is due largely 
to the course pursued, and not to inbreeding as 
such. This was manifested by the results of his twenty-
five families of inbred corn, some of which he carried 
through the fourth generation without any obvious 
deterioration. Yet he does not deny the fact that vigor 
may be reduced to a point where it remains stationa:cy-. 
He further remains a convert to the ideal of first 
obtaining homozygous strains and crossing them subsequently 
to their selection in order to obtain the hybrid vigor which 
reflects itself in yield. Jones 1919-1920 (31-33) describes 
a system whereby maize m037 be selected within self-
fertilized lines. The highest yielding lines are found 
through trial crossing of the various strains, thence when 
the high yielding strains are located, a scheme of double 
crossing is employed which enables the grower to secure 
more sturdy seed at a lower cost than he otherwise could. 
:By a system such as Jones describes the ve-ry best may be 
obtained from the material at hand. 
East (15-16), Shull (49,50,52,53), East and Hays 
(17) base their conclusions of the effect of inbreeding 
on the l,Aandelian principle of segregation and combination 
of inherited qualities as independent units, and upon· 
J·ohannsen 's genotype conception of heredity• Their 
conclusions according to Jones ( 30) may be eumm.arized as. 
follows: 
1 •. In-breeding automatically sorts into homozygous, 
pure breeding lines, the diverse and variating complexes 
of hereditary characters found in naturally cross 
pollinated species. 
2. Although complete homozygosity is difficult to 
obtain in practice, after several generations of selfing, 
members of the resulting inbred lines are uniform among 
themselves, but th~ respective lines ma.v differ greatly 
among each other in visual hereditary characteristics. 
The strains may also differ in their power of development. 
some being larger, stronger, and more productive than 
others at normal maturity. Some individuals are often 
isolated which are so lacking in necessaxy characters that 
they perish because of inability to reproduce themselves. 
3. The inbred strains which are able to survive 
finally become constant; no further reduction in vigor or 
change in visible characteristic~ is to be expected by 
continued inbreeding. These constant types are thus qJAite 
comparable to naturally self-fertilized species and may-
exist indefinitely. 
4. When these pure breeding types are crossed there 
is commonly an immediate and striking increase in general 
' 
size and Vigor to be expected in the resulting first 
generation hybrid. 
Jones 1819 (30) through an extended stud.y of 
inbreeding and cross-breedi11g formulates the following 
conclusions on the effects of crossing,;, 
1. Heterosis accompanies heterogeneity in germinal 
constitution whether or not the organisms crossed are from 
the same or cl.iTerse stocks. 
2. Heterosis ls widespread in its occurrence through. 
out the plant and animal kingdom.. 
3. Heterosis is shown as an increase in the size 
of parts rather than an increase in the number of parts. 
4. Cross-fertilization is without effect until the 
zygote is formed; from that time on het,rosis :may be 
apparent throughout the life of the 1nd1 vidual. 
5. Heterozygosis has an undiminished effect on plants 
propagated vegetatively. 
a. Heterozygosis may have a stimulating effect upon 
some characters and a decreasing effect Upon others in 
the same organism. 
It would be frUi tless at this time to give an 
extended discussion on each of the above phases of the 
conclusion, but the affects of inbreeding and cross-
breeding are here briefly s\lD.marized, as 1 t mq directly 
bear relation to the experiment which will follow shortiy. 
--11--
Leading to and from the study of heterosis or 
hybrid vigor, various ~pothesis and interpretations have 
been given explaining this phenomena. G.Ho Shull (p3) 
in his hypothesis states that rapidity of.growth and 
robustness is positively correlated with the tiissimilarity 
of the gametes by whose union the organism has been fo:i:med, 
hence the greater the difference between gametes up to a 
certain point the greater the stimulation. He oonclu4es 
that these differences need not be Mendelian, but in many 
instances they may be so. 
Shull (54) has proposed that the stimulation may 
be due to reaction of new elements in the nucleus1brought 
into the cytoplasm through cross-fertilization. East and 
Hays have nearly a like hypothesis to offer, and believe 
that the stimulus ia due to reaction between different 
elements in the nucleus. In both of the above views the 
stimulus disappear when a homozygous condition is reached. 
Keeble and Bellew (37), Bruce (2) believe that 
hybrid vigor might be due to dominance of characters, 
contributed by the parents. A.F. Shull (54) does not 
believe that dominance is an adequate means of accounting 
for heteroais because this view admits a plausible found-
ation in cell physiology- and the s~e idea may be extended 
to cases where there is no increase in vigor but rather a 
decrease without a change in genetic constitution. 
Castle (7) adheres to the belief that the vigor of 
heterosis is due to differentiating gametes. 'Which reacting 
upon each other, produce greater metabolic activity. It is his 
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belie'f that the d.iff'erence in chemical constitution of 
uniting gametes is the essential thing in producing added 
vigor. -- hence he does not attribute heterosis to dominance 
of characters. 
:m. !I. East (1.6) maintains that we cannot :f'orm a 
def'ini te idea of the mechanism through which a stimulation 
may take place. He suggests however that there m.ay be 
chemical compounds whioh react in different strains when 
brought together, yet he continues to say if this were the 
ease families might be fount that would be like in 
compound, which when crossed would not be more vigorous 
than when inbred.. On the otlier hand the cl.ifferenoe in 
genetic constitutions may set up a biological action 
analogous to ionization. 
Jones (30) has placed the ef'fect of ~brid vigor 
on a strictly Meae11an interpretation. In this consideration 
crossing over and breaks in linkage would play a large 
factor, thus; "'!! any large number of characters are 
concerned and the dominant and recessive genes are equally 
proportioned between the two parflnts and distributed at .,, 
random on the ch~I!Jl!lomes, the chance o! cross-overs 
ooourring in such a way as to bring all the dominant factors 
t, 
in ,,;one 1nd1 rt dual at one time would be almott inconceivably 
small, especially when the phenomena of interference is 
taken into consideration. However, when crossing over does 
occur in such a w,q as to bring about more fo::rtunate 
combinations in certain individuals, those individuals wouli 
be the one:" selected by man in 4omestic or by nature in the 
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wild. Partial linkage does not prevent recombination 
but merely adds to the complexity of the process. The 
chance of fortunate recombinations would be greater in 
the more widely crossed animals, and plants, but such 
combinations would be again broken up by further crossing. 
The tendency would be however, for the best combinations 
of character to survive and gradualiy surplant the others 
in time. In naturally selfed plants most of which are 
crossed at more or less frequent intervals a fortunate 
homozygous combination would be fixed and the plants 
possessing such combinations would in time supplant their 
less fortunate relations." 
From these various interpretations it does not 
seem strange that in a given commerical field of a croaae4 
pollenized plant such as zea maize shows very little 
evidence of heteroais. This lessened vigor or stability 
on the part of the plant will become more pronounced as the 
time advances and the strain reaches the state of 
homozygosity. Hence by crossing over and subsequent selection 
only can the largest results be realized. 
The rate at 'Which a given field of corn would 
reach a homozygous stage would depend entirely upon the 
degree of cross-fertilization which taltes place within 
the variety or strain. The greater the degree of crossing 
which m~ take place hypotheticaliy the sooner the strain 
would have a similar genetic constitution, and the reverse 
would be true if a smaller degree of cross-fertilization 
151734 
took place, yet at the same time the period preceeding and 
during the homozygous state the plant would have lessened 
vigor which would naturally be reflected in less yield. 
Since inbreeding tends to reduce vigor and 
yield which is verified by the above conclusions, accord-
ing to present data, it would seem of grave importance 
to the breeder to know the probable amount of self and 
cross-fertilization in a breeding plot or an average field 
of corn. '.l'he breeding plot has been initiated under the 
assumption that it tended toward inbreeding and hence a 
degeneracy in the stodk. To overcome this accompanying 
danger alternate rows were detasseled to insure cross-
fertilization. This was done no doubt with the sincere 
belief that there was actually very little crossing going on 
in the field (23). How much emphasis is laid upon this 
latter factor at the present time is difficult to answer--
sufficient to note the breeders are still detasseling no 
doubt with an effort to secure pedigreed strain more than 
with an effort of inducing cross-pollination as such. 
In view of the fact that much has been done in 
obtaining.hybrid vigor in corn by crossing distinct 
homozygous types and securing the greater vigor by detassel-
ing in the breeding plot, an experiment was conducted by 
the writer with an idea in view of attempting to find the 
approximate cross-fertilize.tion in an average field of corn. 
That the above is a solution(namely detasseling) for the 
production of hybrid seed is not questioned. Ho~rever, 1 t 
it was believed that self-fertilization vras not as great as 
frequently expected, though it ,"l'Ould be impossible to carry 
on e.ny pedigreed system of corn breeding without detasseling. 
Natures systera of pollenating seemed sufficient for the 
greatest production of vigor and facili~ted sufficient 
crossing in obtaining the greatest possibilities within a 
type. This fact is corroborated by Hayes (25) who found 
that in a normal pollinated field of Minnesota:..lfo •• 13 corn 
there was an increase of slightly more than fifty per cent 
over that of self-pollinated fields. Hence the amount of 
normal self-fertilization would be of considerable interest 
to the grower. 
Experiment in Normal Prod,H.c~n. 
Waller (59) 1917 probably the first who attempted 
approximating the degree of self-fertilization in a field 
of corn planted seed of 'Wings Hundred Day in a field of 
Reid's yellow dent. These white hills were planted at a 
distance of 38 t feet apart east and west, and 30 feet apart 
north and south. Only one pair of endosperm characters were 
used for the determination of xenia, because of the fact 
complications were experienced in classifying the kernels. 
He concluded from an average of nineteen ears that 15.,13~~ 
of the kernels had been self-fertilized. 
H~es (25) at the Minnesota Station in an experiment 
determining the amount of self-fertilization of Rustler's 
'White Dent in a field of Minnesota 13, hills of the former 
planted same distance apart in the yellow field ( namely 
Minnesota L:3) harvested six ears of the hybrid seed and found 
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considerable difficulty in classifying the kernels into 
pure and hybrid groups. He reports 1911 yellow kernels, 
229 doubtful and 69 white,-- or 86.5 per cent yellow; 
10 percent doubtful yellow, and 3;5 per cent white. 
The doubtful yellow was planted the next season and found 
to be hybrids. ~rom this data Hayes concludes that it was 
inadequate to make definite conclusions, but states that if 
as high as five percent of' self-fertilization takes place. 
it is possible for a farmer to detassel every other row 
~~din this way use only cross- pollinated. 
The :Exp erim.e11.t 
The relation of close and cross fertilization to 
vigor, and consequently to characteristics and yield of 
corn and other ?rop plants, has been explained at length. 
Evidently if practical corn breeders are to expend much effort 
in attempting to secure heterozygous strains, they will 
need complete information about the degree of close breeding 
which normally is obtained. Waller (59) and Hayes (25) 
have given some attention to the problem, working with 
limited numbers. The writer attempted to continue this 
investigation of TEE .AMOtJMT OF SELFING Ill A FIELD OF comr. 
The experiment was conducted with the two varieties 
of corn, Minnesota 13 (yellow) end North Dakota White dent. 
500 hills of Dakota White corn were planted in a field 
of Minn~sota 13, ten hills apart, north and south; east 
and west hills 42 inches apart, and three stalks per hill. 
This' latter differs somewhat from that of Waller's (59) 
whereas two stalks were detasseled previous to pollenation. 
It was believed that inasmuch as corn is almost invariably 
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planted at the rate of three kernels per hill, it 
11•ould be necessary to have three pollen-bearing plants 
in order to secure normal conditions. 
The two varieties ,vere planted on the same 
date. A machine planter was used in planting the field 
of yellow corn. Hence in order to locate the hills 
dropped by the machine wire staltee were placed at every 
tenth check. These stakes served as a guide to locate 
the various hills to be planted after the machine had 
passed. This method was continued until 500 hills 
had been planted. The hills thus planted to white 
corn were staked and recorded immediately after 
planting so no error was made. Care was taken in 
securing corn that matured as·nearly the same date as 
possibleo The varieties which were chosen for carrying 
out the experiment fortunately differed in two sepe.rate 
characters. The white variety had. a smooth corneous 
endosperm whereas the yellow variety was highly starchy 
and had considerable or greater indentation. :Note was 
taken of the stand a.:fter emergence and same was reported 
as 100;'&. 
A diagram is here given of the method which 
was used in planting hills. 
l~t1-}•••··········· 
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It will be noted that the corner six white plants 
are detasseled. This allows 24 hills which were used.~as a 
guide or check. The other hills some 476 were not"detasseled 
but were allowed to self and cross as nature would have it. 
In conjunction with this is a separate field of white planted 
~ 
solely to test to what extent i~homozygous white. A!i3 
noted before all ears were harvested from the various 
methods of planting and treatment. The corn was 
harvested after indentation had taken place and kernels 
were becoming finn, they _were then strung and hung up to dry. 
It was found that the separate field of Dakota \Vhite 
dent was pure in so far as color was concerned,--hence all 
the yellow kernels found on the white ears must have come 
through cross-pollenation since the yellow color is 
dominant. It was also found that the kernels on the 
twenty-four white corn hills ( detassled) were entirely 
yellow. This substantiates the fact that in so far as 
the seed was concerned reliable results could be anticipated. 
It is assumed that in any given maize plant that 
foreig?L,pollen is as receptive as its own pollen. In an 
.~-
experiment of this nature Jones {30) it might be well to 
note, found that there was selective fertilization in~ 
favor of the plant's own pollen. He concludes that there 
is no great selective fertilization even though the resulting 
seeds may be benefited. It may be assumed that when crosses 
do take place as they did in the above experiment they 
cannot be accounted for through the selective use of foreign 
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pollen. 
Though two endosperm characters were used as 
mentioned above, considerable variation occureed in these 
characters, namely degree of color and starchiness. 
Care was used in obtaining as nearly accurate determinations 
as could be desired. The proceedure will be described 
here because the method employed led to other determinations 
which will be given later. 
In obtaining the best method for distinguishing 
xenia various lights and color backgrounds were tried out, 
Bright light reflecting through colored glass was also 
resorted to but found inadequate. It was found that the 
determination of self-kernels could be made with the 
greatest amount of accuracy when a black background was 
used upon which the kernels were placed. Artifical 
light of any kind was insuf'ficient--hence the work was 
done only on clear bright days in well lighted laboratories. 
A black cardboard 30 inches long by 24 inches wide was 
used as a background. This was ruled into one inch by 
one-half inch square. Upon these squares the kernels 
of the respective ears were placed. A diagr&1 is here 
given to illustrate the chart. 
-21-
Chart used in determining Localization. 
1 -








One kernel was taken from the ear at a tirne and 
same was placed on the chart in its proper square, each 
row of kernels wa.s completely removed; kernels taken in 
consecutive order corresponding to the position on the cob. 
This process enabled one to locate every kernel on the 
ear with reference to position and also it enabled one to 
distinguish between cross and self kernels more effectively. 
ApproAmately 75 ears were analyzed in the above 
fashion, and the data is given in Table 1. Numerous other 
ee.rs were e.na.lyzed but not submitted here because of the 
increased bulkiness it would add to the data. The general 
run of all the ears was characteristic of this data. 
-m .. -
As will be noted from .... table*Uo~siderable 
variation~ occur as to the;~l1f'-fertilized seed, ranging. 
from zero to 33 1./10 per cent. The average of the 76 ea.rs 
is 2.608%. From this it would seem. that the amount of 
cross-fertilization is extremely great and but little self• 
fertilization takes place in the field, -- at least not 
sufficient to warrant much consideration. 
Table II includes 4ata of the same nature as 
that of Ta~le I. In this table, however, the ears are 
slurred that were harveete4 from the same hill. It was 
thought that there might be some correlation between the 
number of' stalks in the hill and the number of selt 
kernels on the ears produced in these respective hills. 
Also it would seem logical to believe that there would be 
a certain degree of uniformity between the number of' self-
seede located on ears grown in hills having the same 
number of stalks per hill. 
By a study of Table II, it will be noted that 
neither of the above guesses are correct, if the data is 
indicative of the actual conditions occurring in the field. 
In the first place as much selfing was found on ears that 
grew on plants with onl7 one stalk in the hill as there 
was when four stalks were located in a hill. Again there 
is no ·constancy of self-kernels on ears grown in hills 
having the same nt.Unber of plants. In the three stalk per 
... 
hill• variation ranges from zero to 62.5,% ,in the number 
\.""" 
of self-kernels and in the two stalk per hill variations 
of self-kernels ranges from 7.5% to 92.5%. 
-23-
Graph 1, drawn from Table..,__ gives the relation 
of percentages of' self-kernels and the nur.aber of stalks 
per hill. It is evident from this gra1)h that there is no 
correlation of self-kernels in the same hill and even between 
hills having a like nur11ber of plants; also the hills hn.ve 
in the greater number of plants do not have a greater amount 
of selfing than hills with lesser plants. 
It wa,s believed that upon analyzing t~e kernels 
for self and crossed that there was a distinct localiz-
~1.tion of the selfed seeds, accordingly the kernels were 
placed upon a chart as previously described. l3y so doing 
the exact location of each kernel could be noted. In 
accordance with this presumption the various positions were 
noted and the data is compiled in Table IIIC:?~i1e ears have 
been classified into groups having the same approxir:w ..te 
length,--the selfed kernels were then summed up but not 
It is apparent from the study of the various 
group summations that no localization exists. Graph II 
has been construc~ed from this table to more clearly 
illustrate this fact. 
Inasmuch es Table II,merely gives the localization 
of self-kernels found lengthwise of the ear, it was of 
interest to note if localization exiBted on any portion 
including the cirdumference. Thus this additional data is 
recorded in if~- ./Ji;;: :~not all data of ears thus analyzed 
is presented here because of the necessaxy bulk that it 
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would involve. Enough however is given to illustrate that 
absolutely no localization exists anywhere on the ear. 
Though ears are occasionally found in fields 
that have xenia in distinct areas, these undoubtedly came 
about through abnormal conditions possibly of pollen 
maturing at different dates. This especially would cause 
such a condition. 
Effect of Forei.sn, Pollen 
Probably one of the earliest debated 
questions in corn breeding was that of xenia. The 
q~estion debated was whether the crossing of different 
colored corn would be distinguished upon the grain. 
This question was eventually settled by DeVries and 
Correans, later Webber 1900 (61) showed differences in 
chemical composition as well as color due to xenia. 
no mention was made of the influence of foreign pollen 
on the grain. 
That immediately after the zygote is formed 
heterosis takes place has been demonstrated (30) Carrier 
5, (1910) obtained increased yields of from 5 to 18 
bushels per acre more when strains ,vere allowed to 
cross-pollinate than where same was prevented. In 1913 
(4) he presents data of four strains of Boone County White 
dent. The two year averages of the four strains are 
20.87 bushels. A mixture of the four strains produced 
11.53 bushels more or 55.2% increase. Similarly four 
strains of Leaming averaged 26 bushels whereas the m~ure 
of the four gave a net return of 40.40 bushels or an 
increase of 55.4%. Collins, G.M. (8) found that one of 
the effects of crossing was an increase in the size of 
the hybrid seed in the same year the crosses were made. 
He crossed a small grained corn from China with a large 
.American grained corn. Roberts H.F. (47) has reported 
similar results. 
Collins and Kempton in 1913 (11) secured 
increases from seeds that were pollinated with foreign pollen 
over those that were self-pollinated. In every instance 
the hybrid seed was larger than the pure seed borne on 
the same ear,-- the increase ranging from 3 to 21%. 
The varieties involved in the experiment comprised four 
white grained and two with colored grained varieties, 
the above color being located in the aleurone l~er. 
In every-case where crosses were made, the silk of the 
white varieties were dusted with pollen from the same 
varieties and in addition pollen from a different variety 
of colored seeds. Eleven ears were secured and the weigh-
ings were-based upon one thousand grains. It is interesting 
to note that the largest increase was not necessarilY from 
the largest size kernel crosses. 
Wolfe 1915 (60) in 3? crosses found that 56.8~ 
produced profitable increased in yield ( weight of kernels) 
and 13.5%, a slight increase. In 34. 31; the decrease was 
marked and 5.4% it was light. The greatest increase was 
15.04% and the greatest decrease was 3~.04%. 
Jones (34) has shown that reciprocal crosses 
h&i a more striking effect on inbred maize than on the 
first crosses. He also found that reciprocal crosses 
were a.07% heavier than the latter. He mixed equal 
amounts of pollen, white and yellow. for pellinating the 
inbred strains. In every case there was a notable increase 
due to crossing. The heaviest weights were obtaine4 
from the widest cross~s, namely 7.05%. 
9he writer was not aqn of the increases at 
the outset of determining the selfing ia maise but on 
analyzing the grain as before mentioned, it was noted 
that the crossed kernels invariably appeared larger to 
the eye. Weighings were therefore made of the crossed 
and selfed kemels• the kemele were taken from the same 
area, -- in fact next to each other. The data is given 
in !able IV and 1 t proved that in every case that the 
crossed seed were heaviest. It ma.v be argued that inasmuch 
as the kernels were taken side by side• one kernel 
developed. at the expense of the other. This mq have lteen 
the case though it is not likely that such a condition 
would occur. 
Citing Collins and Kempton (11) 1913, who 
were fortunate in their experiment in obtaining an ear 
that had. been pellinatea at two different dates by 
different strains of plllen each time. This naturally 
produced an ear which ha.4 an area pollinated by one 
strain and also an area pollinated by another strain. 
Hence this would eliminate any argument that would support 
the above theor,r. Upon weighing kernels from each of the 
selfed and crossed kernels it was f'oUlld that the crosse4 
were invariably heavier. Bo specimen was f'oua;l among the 
ears anal.yzed from which the above data was obtained 
whioh had the phenomena .just mentioned but it would only 
seem logical to believe that a parallel case might be 
present, and ta.ken for granted that no increase occurs in 
one kernel at the sacrifice of the other. 
Table IV gives difference in weight and percent 
of selfed and crossed kernels. The percentage difference 
ranges from e to 50%. The average increase is 10.6016. 
This is a remarkable increase when consideration is given 
to the fact that the seed of both varieties was not select-
ed but ta.ken from bulk seed. This increase in weight of 
individual kernels in the same year that the corn is 
crossed, lends itself to a practical as well as theoretical 
application. From a practical standpoint this increase in 
size of kernel m~ become of value to the fanner and seed 
grower. By planting distinct strains or v~eties it is 
possible to obtain increased yield in the first season 
through the increased size of the kernel. No detasseling 
would be necessary since the average a.mount of selfing will 
be only about 2 •• %. If pure bred lines and their reciprocal 
hybrids are to be produced at the same time Williams ( 61); 
Collins (9); Shull (49); East (15} offer suggestions and 
plans. 
-'#-
Some experimenting may be necessary in fin ding 
the varieties or strains that should be crossed in order 
to obtain the greatest increase in kernel size. This test-
ing would correspond to method emJ,P.I..oyed when the best 
cross is to be found between homozygous strains. 
Carrier ( 6) mentions the fact that because of ' 
this increased kernel siae in the same season as the cross 
was made, the ear-to-row scheme of testing is unreliable, 
because the above factor m~ influence the yield as much 
or more than the inherited differences in the corn 
under test. Likewise variety testing would produce result 
of doubtful value, when to the experiment is subject to 
cross pollination. Also arr:, scheme of testing the 
correlation between ear characters and yield would be of 
no value unless the parents of different ears were alike 
and also the parents of the plants which furnished the 
pollen were alike. 
These are also the conclusions obtained by the 
writer, and it is hie o-onviction that any variety or 
strain testing can only be carried on when the greatest 
amount of care is exercised in preventing pollen from 
fertilizing indiscriminately those strains or varieties 
which are not related. 
Since the foreign pollen has a direct influence 
upon the yield as illustrated by citations of above 
investigators, it must hold that the increased size of 
grain, through foreigm pollen must be correlated with yield. 
With this in mind 1 t would be a comparatively simple 
matter to find the several strains which when crossed would 
yield the greatest returns. Such a process would involve 
the use of two homozygous varieties,,having different 
endospel.'m colors as white and yellow. 
Having given a number of yellow strains of yellow 
varieties, this variety would be planted in alternate 
rows with the homozygous white strain. It is understood 
that only a portion of each ear of the yellow strain is 
planted (preferably enough so that it constitutes one row). 
The rest will be reserved for the following year. No 
detasseling would be necessary. It is supposed according 
to the previous experiment that on the average at least 
97 • will be cross pollinated. At harvest representative 
ea.rs will be ta.ken from plants of each strain or variety. 
Same should be saved, weighings made of crossed and selfed 
kernels, percentage increase due to foreign pollen 
calculated\ and those-having the greatest increase will be 
made note of and seed from their parent remnants will be 
used for next year's planting. These high yielding strains 
yellow or white, will be planted alternately in rows in a 
succeeding year, and hence allowed to cross again as 
previously noted. It would seem that such a method (tlbl) 
crossing of strains that had yielded the greatest increase 
in ke:r;nel size) would also produce largest yield. The 
argument will be made that the increase resulting from the 
crossing of two high strains of yellow corn, would not, 
necessarily be as great as that resulting from the cross 
between the white and yellow strains • .And that first 
crossing the yellow would not be an index for finding the 
high yielding yellows which when crossed again produced 
an equally large increase. This latter m~ be true never-
theless, the increase in weight of crossed seeds in the 
trial testing was the result of pollen from a homozygous white 
strain, and this strain was the nucleus of the increase in 
evel'Y case. Hence unless the linking of hereditary 
characters would be radically different when the yellow 
strains were crossed this increase would also be evident 
in their progeny. 
The above thought is entirely ~othetieal and 
may not work out in practice. However, such a system would 
eliminate a large a.mount of trial crossing of homosygous 
strains in order to find the most favorable cross. A 




Plant breeding is a gradual and slow process dating bac~ 
to the prehistoric age, though when compared with the age of the 
earth its begining is merely effected. Man's relation with plants 
is co:r.ipe.ratively recent, but during this relationship he has 
made considerable progress towards their improvement, yet at 
the seme time he cannot alter nature. 
Since it was demonstrated that selecting within pure lines 
was of no avail ( 35, 14 ) crossing was resorted to about the 
middle of the 19th century--ie in the corn plant. Since the 
20th century it has been proven that the greatest gains in 
corn production can only be accomplished through the use of 
homozygous strains and their subsequent crossing, { 1, 29, 42, 
9, J.'7, 21, 32. 28, 27, ) That in the production of a homozygous 
strain there is a reduction of vigor is universally accepted. 
( 15, 16, 18, 49, 50, 51, 52, 25, 26, 44, 46, 30,) yet at the 
same time crossing these strains produced increo,sed yields. 
In some instances decreased vigor did not result ( 12, 36, 31 
15.) Various theories have been postulated on the cause of 
hybrid vigor ( 54, 37, 2, ?, 16, ) but Jones (30) hes placed 
the effect of hybrid vigor on a strictly l!endelian basis, in 
which cross over and linkage plays an important part. 
Previous experiments have proven that approximately 
3.5 to 15.13 percent of self fertilization occurs in the 
field of corn, ( 59, 25,) In a field of llinn. No. 13 Horth 
Dakota White Dent was planted at a distance of ten hills apart 
north and south and east and west. Considerable pains were 
Used in obtaining accurate analysis. The amount of selfing 
ranged from O to 33.1 %. The average being 2.608 percent which 
is not sufficient to warrant serious consideration• 
There was no apparent correlation between the.amount of 
selfing and the number·of plants growing in a hill. In three 
stalks per hi~l cariation of selfing ranges from Oto 62.5%. 
In two stalks per hill selfing ranges from 7.50 to 92.5%. this 
fact is illustrated in graph 1 table 1. 
After an exhaustive study of localization, it was con-
eluded tha.t there was absolutely no localization of selfed 
kerneis anywhere on the ear. 
The question of xenia w.:~s settled once for all by 
DeVrees, Correns and Weber ( 61 ) but no l'!lention was made 
by them of the increase in size of seed through the use of 
foreign pollen. Since these investigations others ( 30, 5,4, 
8, 47, 11, 3'7, 34) fpund the above phenomenom. Increase in 
size of seed ranged in many instances from 3 to 50 percent. 
Tables 4 cites data showing range of increase from o to 507~, 
the average being 10.60%. 
That the amount of self fertilization in a field is 
of importe~ce to the grower is not questioned when it is 
remembered that a normal field produces slightly more than 
50 % over that of a self fertilized field ( 25). Hen~e the 
greeter the amount of crossing the greater the increase. 
\OWever from the data here given it is doubtful if it would 
e wise to use means to faciliate a greater degree of crossing. 
Hays (25) suggests if over 5 % selfint exists it would be 
yorth while to detassel alternate rows to facilliate crossing. 
The increase in size of kernel me,v lend itself to a 
practical application in finding the heaviest yielding strains 
and 1ater using remanants of the hetiy yielding strains for 
crossing in commercial corn _production. See fig.---. Other 
1.millediate advantages may be secured by crossing desired varieties. 
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,,.1= :v:: :! :: ::: :: ;.: ::::: = = = = == :::: ;:: ==::::: :: :: :: = :::: :::.: :.: ;.:;:: ::: :: :: :;::: :::::::: ::: :::-: :: -::. :: ::::: :::::::: ~.1 IC:::::::;:::::::::::::.:.::;:::::.= 
:E'?r Humber~ :1u.mber :\'feiih~ of: \leight o~Diff erenc~ Cross~% : 
• of kernel"' '.1.1 te • yei J ow i:i, • J>.erc e.1 • · ..... : .... · • • • .neavier: 
- ·- ~---- ~· - - - .;. --- --- -· - - -- --~~ -~ - - -- _,3~~.!.----:-- - ·- - - .• -- -.:. ···- ·-- ·-- - __ .:, ____ --- - -- -
.., 5 0.88 0.92 
. 0.04 4.54 .... 
2 1 3 . 0.42 • 0.4'7 o.o5 11.90 . • . . . . . . . . • . 
3 10 1.73 • 2.12 0.39 . · 22.54 . ~ . '. . 
• 
4 3 o.5o o.51 0.01 2.00 . .. . • ~i. 
5 6 1.11 
. 1.20 0.09 8.108 • .
' • I . 37 8.90 9.10 0.20 2.24 . • • . . 
7 
. 3 o.7o o.78 • o.os 11/3 • . 
• • • • 
8 1 0.17 0.20 0.03 17.65 • • . • • • 
9 108 26.59 26.90 o. 31 1.166 . • . • 
t, ' • • 10 • 8 . 1.34 . 1.40 . 0.06 • 4.47 \, • • •. • 
• . • ~- • . • 
11 587 3;1a • 3.2 . 0.02 " 0.628 . 'ti .. . . 
• • 
, . 
• • • 
12 • 1 r .19 .2 0.01 . ·5. 26 ~. • • 
• • . • . •. •. . . • 
13 .. 10 • 2.00 . 2.15 • 0.15 • ?.5 4!'., .. . • • 
• • . • . . •: • . • 
14 ~ 3 .5? .6 0.03 5.26 •, .. • 
'!. • ,, 
15 • 1 .14 .15 . 0.01 ?.14 !; . 
"' ' t
16 • 6 l, 0 C 1.2 .2 20.0 .. . • . •. 
17 1 .14 .. 2 • .06 42.14 • 
2 ' .37 .38 0.01 2.70 18 . . ' : • 1 . 
~ 
19 9' '1 2.44 2.44 0 0 . • • . • ~ 
20 ; 10 2.15 2.22 .o? .. 3.25 • • ! • '! •. 
• . . • 
21 
.. 169 35.75 37.52 1.77 4.95 . . . • .. . . : . / . .. 
23 2 'j .38 .44 .06 15.8 . 
Table-1:/-.-uShowing the effect of forei::;n pollen upon weight of' seed. 
... --------------------------------··-----------------------------------·----------------------------------------;;-;~b;;;-N~b;;-~f~W;i~~t-~r7Weight of:Difference: Crossed: 
: kernels : white ; yel:tow : : percent : 
s. . SJE.B· · : heu-,rier.: ·• ... -------+----------- ... -;.. ..... S'!!J._ .. ___ .. - - ---- -- _.__ __________ - ------ .. --: .... - ---- - ........ 
26 .9 
. . , • 4 .75 . 0.15 20.0 • . . . J . . 
27 • 3 • .52 • .6 .08 15.36 • • • . : • . . I • • • . . 28 • 6 1.1 • 1.2 • 10 • 9.090 1 • • • . • . • ., • . . 29 • 13 2;26 2;56 • 30 • 13.27 • • . . . . • • . • . • • • 30 • 34 . 4.78 • 5.2 .42 • 8.786 • -~ • . • . • • • . . 31 35 4.89 • 5.15 .26 • 5.317 . • • • . • • • ~ • 
32 ;. 14. . 2.86 • 3.11 .25 8.74 : . • • • .• ~ 
33 4 .. .91 • 94 • .03 3.29 • • . • • . • • 
34 40 2.04 2.12 .08 3.916 
~ . • . . • 
35 6 .54 .58 .04 a.o . • • • 
36 . :43 5.53 6.05 .52 9.402 . • . 
37 2.4 . . :t • 2.54 .14 5.833 . • • : . • 38 • 1.24 • 1.39 .15 12.1 • ''-• . • ·! . 39 33, 8·"' • 9.2 • 7 • a. 235 '..., ' . • 
40 3 .53 
. 
.56 .03 • 5.661 . • 
41 8 1.56 1.52 • 
. 
• .16 • 11.76 . ·;-, ' • . 
42 37 ?.12 • 7.5 . . -; • . .38 • 5.33 . . • I . " . • ., . .. ' 43 3 • ,15 • .4? .02 • 4.44 !; !. 
~ 
e 
-44 . 'Z .48 .55 ~ ~- .... .o7 • 14,58 . 
• 
45 3 • 38 .45 . .o? 18.4 . . . 
'46 
. ' 
4 .67 .7 .03 4.62 . • 
47 6 . 1. ?.~ , ~A ., .. . 
t ~--------------------------------------------------------------w-----
r,:=;;;;;;;;;•7;;;;;;b;;-~r;-w;1;;i;.t-~r;w;1;;i;.t-~f;Dfff;;;~~;;-c;~;;;d-;---------
: kernels :: White : yellow : : percent : 
; ___ .................. _ .. ___ .. _ .... ___ ~.t--..... ~~-'---- ... ~---- ... ------:...UNJ..!3-.J:' .. ..; ___________ _ 
1
--- s1 i e : 1.66 : 1.80 : .14 : a.43 : 
: : : : : : 
' 5 2 : 2 : • 4? : • 4 8 : • 01 - : 2 • 12? : 
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: 11.49 
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